A bovine lipocalin, previously identified as a putative odorant-binding protein in bovine colostrum (bcOBP), was cloned and expressed, and its monoclonal antibody was established. bcOBP was constantly secreted into milk on day of parturition until at least 10 d postpartum at a concentration of 181 AE 39 g/L. Besides milk, bcOBP occurred in the nasal mucus, saliva, amniotic fluid, vaginal discharge, and blood plasma. Despite its low concentration, the distribution pattern and the finding that bcOBP harbored a characteristic sequence motif, CxxxC, which is conserved among insect and mammal pheromone binding proteins, suggest that bcOBP functions as a pheromone carrier. The presence of bcOBP in the plasma at varied concentrations depending on the lactation period does not exclude the possibility that bcOBP is secreted into milk from the blood. Cross-reactivity of the monoclonal antibody indicated presence of proteins homologous to bcOBP in the colostrum of farm animals of Cetartiodactyla.
A bovine lipocalin, previously identified as a putative odorant-binding protein in bovine colostrum (bcOBP), was cloned and expressed, and its monoclonal antibody was established. bcOBP was constantly secreted into milk on day of parturition until at least 10 d postpartum at a concentration of 181 AE 39 g/L. Besides milk, bcOBP occurred in the nasal mucus, saliva, amniotic fluid, vaginal discharge, and blood plasma. Despite its low concentration, the distribution pattern and the finding that bcOBP harbored a characteristic sequence motif, CxxxC, which is conserved among insect and mammal pheromone binding proteins, suggest that bcOBP functions as a pheromone carrier. The presence of bcOBP in the plasma at varied concentrations depending on the lactation period does not exclude the possibility that bcOBP is secreted into milk from the blood. Cross-reactivity of the monoclonal antibody indicated presence of proteins homologous to bcOBP in the colostrum of farm animals of Cetartiodactyla.
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Lipocalin is a protein superfamily the members of which share highly conserved tertiary structures, whereas their amino acid sequences are widely diverse. 1) They are small globular proteins with molecular weights of approximately 20 kDa, and are mostly capable of embedding apolar compounds in a hydrophobic cavity of an anti-parallel eight-stranded -barrel core, 1, 2) and exhibit a wide variety of biological functions, including fatty acid transport, 3) anti-inflammation, 4) cryptic coloration, 5) immuno-modulation, 6) neural development, 7) olfaction, 8) pheromone transport, 9) prostaglandin synthesis, 10) and retinol transport. 11) They are widespread in bacteria, plants, amphibians, insects, and vertebrate animals, including mammals. 1) Odorant-binding proteins (OBPs), which are lipocalins, are globular extracellular proteins that carry small hydrophobic molecules such as odorants or pheromones. They have been found in a wide variety of invertebrates and vertebrates. 12) Insects also secrete OBPs, but their tertiary structures are all--proteins, which differ substantially from lipocalins. 13) The first OBP identified among mammals was bovine OBP (bOBP), isolated from bovine nasal mucosa. 8, 14) bOBP was considered initially to have the function of hydrophobic odorant molecule carrier, and to play a key role in olfaction. Thus far, a number of OBPs have been discovered among a variety of mammals. Most reported mammalian OBPs are found in the mucous layer that bathes the olfactory epithelium, where they are thought to bind to odorants and in some way to influence the earliest stage of olfaction. 12) Even though OBPs are known to bind odorants in vitro, their exact biological roles are still under investigation. 15) To date, several mammalian OBPs have been identified in biological fluids other than nasal mucus. In the pig, OBPs have been identified as proteins that bind specifically to maternal pheromones in bodily fluids such as colostrum, mature milk, and amniotic fluid. 16) Fukuda et al. have found a putative OBP in bovine colostrum by the proteomic approach. 17) In addition, OBPs have been found in buffalo saliva 18) and in mouse tears. 19) Moreover, bOBP has been found in bronchoalveolar lavage fluid, indicating that it is secreted from alveolar epithelial cells in response to oxidative injury. 20) In humans, differential expression pattern of OBP gene has been found in the oral and genital spheres. 21) It is apparent from these findings that mammalian OBPs are present in a variety of biological secretions, perhaps exhibiting various biological functions.
A putative OBP isolated from bovine colostrum (termed bcOBP) consists of 172 amino acid residues with a 16-amino-acid putative signal sequence. 17) bcOBP has a theoretical molecular mass of 19,604.18 Da as an intact protein, and exhibits high sequence similarity (83%) to allergen Bos d 2, which has been found in bovine dander as an allergen, 22) and moderate similarity (52%) to bOBP. There is so far no biological information on bcOBP, and hence in this study first we semi-quantified its concentration time-dependently during the early lactation stages in bovine colostrum/ mature milk, using a monoclonal antibody established against a recombinant bcOBP (rbcOBP). We also report the sequence characteristics of bcOBP and its presence in nasal mucus, saliva, milk (colostrum and mature milk), amniotic fluid, vaginal discharge, and blood plasma from lactating cows, and discuss this in terms of the origin and the possible biological function of bcOBP.
Materials and Methods
Molecular cloning and expression of bcOBP. Using primers based on the mRNA sequence of bcOBP (GenBank ID BC122739.1) (Table 1) , the bcOBP gene was synthesized by the overlap-extension polymerase chain reaction (PCR) technique. 23) Short oligonucleotide fragments were synthesized first as primer dimers, and these fragments were then combined via the overlap region with another round of PCR using Platinum Taq DNA polymerase (Invitrogen, Carlsbad, CA). The final product of the synthesized bcOBP gene was cloned directly into pCR2.1-TOPO vector (Invitrogen) following the manufacturer's instructions. The sequence of synthesized bcOBP gene was confirmed by DNA sequencing, and then it was cloned into pET28a(+) (Merck, Darmstadt, Germany) via the NdeI and XhoI restriction sites. rbcOBP was expressed in Escherichia coli BL21 Star(DE3)pLysS. Production of rbcOBP was induced by the addition of 1 mM isopropyl -Dthiogalactopyranoside, followed by aerobic cultivation in LuriaBertani medium containing 30 mg/mL of kanamycin, with shaking for 24 h at 37 C. The harvested cells were lysed using Bugbuster protein extraction reagents (Merck) containing 1 mL/mL of benzonase nuclease (Merck) and a protease inhibitor cocktail for general use (Nacalai Tesque, Kyoto) and centrifuged, and the supernatant was collected. The supernatant was filtered using a 0.22-mm syringe filter (Millipore, Billerica, MA), and then loaded onto a Ni þ -sepharose affinity column (GE Healthcare UK, Buckinghamshire, UK). The adsorbed fraction was eluted following the manufacturer's instructions. The eluate was concentrated to about 500 mL using centriprep YM-3 (Millipore), and further purified on a Toyopearl HW-55F column (2:6 Â 40 cm; Tosoh, Tokyo) equilibrated with 20 mM sodium phosphate buffer (pH 7.4) containing 0.1 M sodium chloride at a flow rate of 1.0 mL/ min. The His 6 -tag was removed by thrombin treatment, and the detagged rbcOBP was separated by Ni þ -Sepharose affinity chromatography. The detagged rbcOBP fraction was concentrated and desalted using centriprep YM-3, and then stored at 4 C until used. Protein concentrations were estimated by the Bradford method 24) with bovine serum albumin (BSA) as standard.
Molecular weight estimation. The molecular weight of rbcOBP was estimated by gel-filtration on a Toyopearl HW-55F column, as described above, using ribonuclease A from bovine pancreas (13.7 kDa, Sigma-Aldrich, St. Louis, MO), -chymotrypsinogen A from bovine pancreas (25.7 kDa, Sigma-Aldrich), albumin from chicken egg white (44.3 kDa, Sigma-Aldrich), bovine serum albumin (67 kDa, Sigma-Aldrich), and Blue Dextran 2000 (2,000 kDa, GE Healthcare) as molecular weight standards. The void volume (Vo) was determined using Blue Dextran 2000. The logarithmic molecular weight of each standard protein was plotted as a function of the ratio of the elution volume (Ve) to Vo (Fig. 1C) . In addition, the molecular weight of bcOBP was estimated from its relative mobility on SDS-PAGE according to a correlation curve obtained by molecular weights versus the relative mobilities of the molecular weight marker proteins (data not shown).
Production of rbcOBP specific monoclonal antibodies. Monoclonal antibodies were prepared following Nozaki et al. 25) Experimental animals were handled according to the Law for the Humane Treatment and Management of Animals (Law no. 105, 1973) of the Science Council of Japan. Three female BALB/c mice aged 6-8 weeks (Charles River, Yokohama) were immunized intraperitoneally 4 times at 1-week intervals with 100 mg of rbcOBP dissolved in incomplete Freund's adjuvant (Nacalai Tesque). Blood serum from a randomly chosen preimmunized mouse was used as control in calculating optical density ratios. The mice were bled before immunization each time, and the sera were stored at À20 C for subsequent analysis. On day 48, the mice were boosted with 10 mg of rbcOBP. Three to 5 d after the boost, the mice were sacrificed and the spleens collected and disaggregated. Splenocytes were fused with myeloma cells (P3U1, obtained from the American Type of Culture Collection) following the standard polyethylene glycol fusion protocol. 26) Enzyme-linked immunosorbent assay (ELISA) was performed to screen hybridoma colonies for the production of rbcOBP specific monoclonal antibody (anti-rbcOBP mAb). Hybridoma cells were grown in RPMI-1640 medium (SigmaAldrich) containing 10% fetal calf serum, 10 mg/mL of kanamycin, 10 mg/mL of streptomycin, and 10 mg/mL of penicillin at 37 C in an atmosphere supplemented with 5% CO 2 . Hybridoma cells were cloned by limiting dilution twice by the procedures of Harlow and Lane, 26) with monitoring of anti-rbcOBP mAb production by ELISA, as described below. Antibody isotyping was performed using a Rapid ELISA Mouse mAb Isotyping Kit (Pierce Biotechnology, Rockford, IL) following the manufacturer's instructions.
Hybridoma cell lines were grown at 1{2 Â 10 5 cells/mL in Dulbecco's Modified Eagle's Medium (Sigma-Aldrich) containing 10% fetal calf serum, 10 mg/mL of kanamycin, 10 mg/mL of streptomycin, and 10 mg/mL of penicillin at 37 C in an atmosphere supplemented with 5% CO 2 until the antibody titer reached an absorbance of 0.6 at 492 nm. Antibody production was monitored by ELISA once per week, as described below. Anti-rbcOBP mAb was purified from the supernatant of the culture broth using a HiTrap IgM purification affinity column (GE Healthcare) following the manufacturer's instructions.
Enzyme-linked immunosorbent assay. Polypropylene 96-well plates were coated with 50 mL of phosphate-buffered saline (PBS) containing 50 ng/well of rbcOBP, incubated at 37 C for 2 h, and washed 4 times with PBS containing 0.1% Tween-20 (pH 7.4, PBS-T). To avoid further protein binding, the plates were incubated with 200 mL of PBS-T containing 0.1% BSA for 2 h at room temperature. They were washed again 4 times with PBS-T. A total of 50 mL of the supernatant of the hybridoma cell culture or blood serum from immunized mice was added to each well, and the mixture was incubated for 2 h at room temperature, followed by washing 4 times with PBS-T. Next, 100 mL of goat anti-mouse IgM-horseradish peroxidase conjugate (Pierce Biotechnology), diluted 1:5,000 with PBS-T, was added to each well, and the mixture was incubated for 1 h at room temperature. The plate was washed again 4 times with PBS-T. To detect antibody binding, a peroxidase developing kit (Sumitomo Bakelite, Tokyo) was used following the manufacturer's instructions. Color development of the reaction mixture was monitored by the absorbance at 492 nm.
Western blot analysis. Proteins were separated by 12.0% sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE). Protein samples were denatured at 100 C for 5 min in modified Laemmli buffer (2% SDS, 1 M Tris-HCl pH 6.8, 50 mM bromophenol blue, 7 M urea, and 10% glycerol), 27) and then transferred electrophoretically to a polyvinylidene fluoride (PVDF) membrane at 150 V for 1 h at room temperature with mini trans-blot cell (Bio-Rad Laboratories, Hercules, CA). The blotted PVDF membrane was blocked with 1% ECL advance blocking reagent (GE Healthcare) dissolved in PBS-T overnight at 4 C, and then incubated with antirbcOBP mAb (1:2,500) in PBS-T containing 0.1% ECL advance blocking reagent for 2 h at room temperature. After the membrane was washed 3 times for 10 min each with PBS-T, it was incubated for 2 h with secondary goat anti-mouse horseradish peroxidase-conjugated IgM antibody (1:5,000) in PBS-T containing 0.1% ECL advance blocking reagent at room temperature. After it was washed with PBS-T, signals were detected by the ECL system (GE Healthcare) following the manufacturer's instructions. To measure the relative intensities of the positive bands observed by Western blot, pixel information obtained by ImageJ imaging software was employed.
28)
Semi-quantitative analysis of the native bcOBP concentration in the colostrum. To estimate the concentration of native bcOBP in the colostrum, a standard curve was constructed using 0, 20, 50, 100, 200 ng of rbcOBP. Following SDS-PAGE and Western blotting as described above, the image obtained by the ECL detection was analyzed by ImageJ software following the instruction manual. Positive bands were outlined by the contour tool of the software, and the inside areas were used for densitometry. The values obtained were a function of the concentration of rbcOBP. A good linear correlation was observed between band densities and rbcOBP concentrations at up to 200 ng of rbcOBP (R 2 ¼ 0:998) (data not shown).
Time-course of the native bcOBP concentration in the colostrum/ mature milk during the early lactation period. Approximately 100 mL of each colostrum and mature milk sample from three healthy FriesianHolstein cows, housed in the Field Center of Animal Science and Agriculture of Obihiro University, were collected manually at 0, 5, 14, 24, 38, 48, 120, and 240 h post-partum. The first milking was done immediately after parturition, which was taken to be 0 h. In addition to our manual sampling, regular milking was done twice a day. Samples collected before 48 h of parturition were taken as colostrum, following Senda et al. 29) All the samples were stored at À20 C until used. They were skimmed by centrifugation at 500 Â g for 30 min at 4 C. Whey was prepared by acidification, with adjustment of the pH to 4.6 with 1 M acetic acid, centrifugation at 41;000 Â g for 30 min at 4 C, and neutralization to pH 7.0 with 1 M NaOH. A total of 10 mL of colostral and mature milk whey from each time point was subjected to immunodetection by Western blotting and to image analysis, as described above. The concentration of bcOBP in the whey was estimated by reference to the standard curve obtained for rbcOBP. The data obtained were expressed as mean AE standard error of the mean. Two-sided Student's t test was applied to the data for statistical analysis using XLSTAT 2011 software.
Detection of bcOBP in several biological fluids from lactating cows. Eight biological fluids, tear, nasal mucus, saliva, colostrum/mature milk, amniotic fluid, vaginal discharge, urine, and sweat, were collected from three healthy Friesian Holstein cows housed at the Field Center of Animal Science and Agriculture of Obihiro University. Saliva, nasal mucus, tears, sweat, and vaginal fluid were collected manually by swabbing the various areas with sterile cotton papers moistured with PBS. Urine was collected as a mid-fraction during urination. Amniotic fluid was collected by swabbing the newborn calf immediately after parturition. All the samples, except for urine, were separated by centrifugating the swabs at 41;000 Â g for 30 min at 4 C. The protein fraction was precipitated with 80% saturated ammonium sulfate, and then the precipitants were dissolved in adequate volumes of PBS. Blood samples were collected from three healthy Brown Swiss cows fed at the Vetsuisse Faculty of the University of Bern by jugular venipuncture at 50 d prepartum, on the day of parturition, and 20 d post-partum. To prevent hemolysis, the samples were mixed gently with anti-coagulant. After 20 min of incubation at room temperature, the samples were centrifuged at 1;000 Â g for 10 min at room temperature. The supernatant was collected as blood plasma and stored at À20 C until used. The presence of bcOBP was detected by Western blot immunoassay after protein separation on SDS-PAGE, as described above.
Cross-reactivity of anti-rbcOBP mAb against colostrums of six farm animals. Colostrum samples from six farm animals, cow (Friesian Research Center in Japan. All the samples were collected manually without oxytocin, and were stored at À20 C until used. Whey fractions were prepared as described above. Protein concentrations were estimated by the copper bicinconinate method 30) using a BCA protein assay kit (Pierce Biotechnology) and BSA as standard. To confirm the evolutionary relationships among the species of animals used in this study, a dendrogram was constructed using a D-loop region of mitochondrial DNA with the Phylip 3.69 package, 31, 32) because the nucleotide sequence of the mitochondrial D-loop region has a rapid rate of evolution but such sequences shed light on the evolution of the mitochondrial genome and have been reported to be the most appropriate out-group for phylogenetic analysis.
33)

Results
Production of rbcOBP
In the rbcOBP gene constructed in this study, a putative signal sequence, MKILFLSLVLLVVCAA, was eliminated, but His 6 -tag and adjacent thrombin recognition sites were added in conjunction with the Nterminal of mature bcOBP, and hence the N-terminal sequence of our construct was HHHHHHSSGLVPR-GSHMQET, where LVPRGS is the thrombin recognition site, in which hydrolysis occurs at the carboxyl end of arginine (R). Therefore, after treatment with thrombin, the rbcOBP consists of 160 amino acids with a theoretical molecular mass of 18,301.37, theoretical isoelectric point of 4.57, and N-terminal sequence GSHMQETPAEIDPSKVVGEW. Approximately 5 mg of pure rbcOBP was obtained from 1 L of 24-h culture broth by 2-step purification by affinity chromatography (data not shown) and gel-filtration (Fig. 1A) . The purity of rbcOBP was confirmed electrophoretically (Fig. 1B) . The molecular weight of rbcOBP was estimated to be 17.4 and 31.8 kDa by SDS-PAGE and gel-filtration (Fig. 1C) respectively.
Production of anti-rbcOBP mAb
The immunized mice developed a strong response against rbcOBP, as demonstrated by high antibody titers, giving an absorbance of 2.1 at 492 nm. The variation in antibody production among the three individual mice was no greater than 0.05 unit of absorbance at 492 nm. After fusion of splenocytes obtained from the immunized mice and myeloma cells, out of 16 hybridomas, the three with the highest titers were chosen for mass production of anti-rbcOBP mAb. Antibody isotyping of hybridoma cell culture supernatants producing antirbcOBP mAb revealed that all hybridoma cell lines produced IgM-(data not shown).
Cross-reactivity of anti-rbcOBP mAb against whey proteins
To check for the presence of anti-rbcOBP mAbpositive protein in the colostral whey and to test the cross-reactivity of the monoclonal antibody against three whey proteins, BSA, and -lactoglobulin variants A (-LGA) and B (-LGB), 12.5% SDS-PAGE ( Fig. 2A) and subsequent Western blot analysis (Fig. 2B) were performed. It was necessary to check cross reactivity against -LGA and -LGB, because the two proteins belong to the lipocalin superfamily, and share a highly conserved three-dimensional structure and similar molecular weight with bcOBP. The monoclonal antibody yielded a single band on rbcOBP and on colostral whey, but no cross reactivity was observed for BSA, -LGA, or -LGB, suggesting that the positive band in the colostral whey can almost certainly be attributed to native bcOBP. Recent proteomic studies 34, 35) have also identified an OBP-like protein in bovine milk, one identical to bcOBP, confirming our observation.
Time-course of the native bcOBP concentration in milk during the early lactation period
Using milk samples collected at various times, immunoblotting revealed that bcOBP secretion was constant, at a concentration of 181 AE 39 mg/L, up to 240 h post-partum (Fig. 3) . However, when those values were determined as concentrations in the whey, a slight but not statistically significant increase in expression was observed during the first 14 h post-partum, reaching a maximum of 410 mg/L of colostral whey, and decreasing gradually, until half maximum at 240 h (Fig. 3) . The concentration of bcOBP at 240 h postpartum was significantly lower than at 0 h (p < 0:05).
Distribution of bcOBP in nine biological fluids of lactating cows
In Western blot analysis, protein fractions prepared form nasal mucus, saliva, colostrum/mature milk, amniotic fluid, vaginal discharge, and blood plasma showed positive bands of molecular weight identical to rbcOBP, used as positive control (Fig. 4) . Intense bands observed in blood plasma and colostral whey were assumed to be non-specific binding against Igs. Tear, sweat, and urine samples did not show reactivity, regardless of the fact that the total protein loaded on gels for all the samples was in range of 5-30 mg, indicating that there was no or undetectable expression of bcOBP in those three biological fluids. Thus bcOBP was distributed in the nasal, oral, and genital spheres, in the blood plasma and milk.
In order to determine where bcOBP stems from in milk, Western blot analysis was done on blood plasma, which was collected at various lactation stages. Expression of bcOBP in the blood plasma was observed during pregnancy and up to 20 d post-partum (Fig. 5) . Compared with at day of parturition, the expression of bcOBP at 20 d post-partum decreased significantly (p < 0:05, n ¼ 3). On the other hand, no significant variation in expression levels was observed for the 50 d pre-partum samples.
Cross-reactivity of anti-rbcOBP mAb against colostrums of six farm animals
Whey protein fractions from six farm animals, cows (Friesian Holstein, Brown Swiss, and Mongolian domestic), sheep, goat, camel, pig, and horse were separated on 12% SDS-PAGE gels and visualized by Representative Western blot image of bcOBP detection in biological fluids. Protein concentrations were estimated by the Bradford method 24) with BSA as standard. Lane 1, blood plasma (30 mg); 2, nasal mucus (6 mg); 3, saliva (5 mg); 4, urine (10 mg); 5, colostral whey (30 mg); 6, sweat (5 mg); 7, vaginal discharge (10 mg); 8, tear (5 mg); 9, amniotic fluid (10 mg); 10, molecular weight marker; 11, rbcOBP (1 ng); 12, peak 1 (fractions 21-25, 1 ng) in gelfiltration on a Toyopearl HW-55F column (see Fig. 1A ). Protein amounts loaded onto a SDS-PAGE gel are indicated in the parentheses. Bands corresponding to bcOBP were indicated by an arrow. Anti-rbcOBP mAb was used at a dilution of 1:2,500. ECL detection was performed by a 2-min exposure. means of Coomassie Brilliant Blue (CBB) R-250 staining (Fig. 6A) . The three individuals of each animal breeds and species showed the same band patterns, and hence representative results for each animal are shown in Fig. 6A . The protein expression profiles were highly similar among cow, goat, and sheep. Pig and camel whey proteins showed very similar profiles, but varied widely compared to the above animals. Horse milk exhibited a unique whey protein pattern on the gel, as reported previously. 36) Whey proteins were transferred to a PVDF membrane from a gel after migration on SDS-PAGE, and then subjected to Western blot analysis (Fig. 6B) . The same results were obtained for the three individuals of each animal breeds and species that were examined. Of the nine samples tested, eight gave positive bands corresponding in size to rbcOBP, except for the horse. The samples from the three cow breeds exhibited highly similar patterns in expression, and gave strong signals on ECL detection, as expected, indicating that Brown Swiss and Mongolian domestic cows have proteins very similar to bcOBP, which was originally identified in the Friesian Holstein. The goat and sheep gave positive bands, but with considerably lower intensities, and the camel gave the weakest signal. In contrast, the pig showed the formation of two distinct bands, suggesting the presence of two isoforms. This can be explained by the presence of two different genes, or by translational regulation of bifunctional mRNA as observed for probasin, a lipocalin, which is expressed in the rat prostate and is assumed to be involved in pheromone transport.
37) The negative result for the horse can be explained by an undetectable concentration of bcOBPlike protein under the experimental conditions, or an absence of cross-reactivity of the antibody due to a lack of the epitopes.
Discussion
A recombinant protein of bcOBP was successfully expressed in E. coli in soluble form. Its solubility was stable throughout all of the purification procedures and at least up to several months under storage at 4 C. The molecular weight of rbcOBP was estimated by SDS-PAGE to be 17.4 kDa, in agreement with the theoretical value. However, the molecular weight as estimated by gel-filtration at pH 7.4 showed a value of 31.8 kDa, indicating the formation of a dimer. Similar observations have been reported for porcine OBP and bovine -LG; these proteins exhibit a dimeric form at neutral pH but dissociate into a monomer at low pH. 38, 39) bcOBP possesses two highly conserved cysteine residues among most mammalian OBPs, which connect an -helical domain and a rigid -barrel core by formation of a disulphide bond (Table 2) . Furthermore, there is a glycine residue in bcOBP at the position corresponding to the Gly121 of porcine OBP, in the interdomain hinge region, suggesting that bcOBP has a prototypic OBP fold. 40) Such sequence characteristics suggest that bcOBP forms a dimer at neutral pH in the same manner, viz., electrostatic interactions, as porcine OBP and bovine -LG. Although bOBP lacks the corresponding disulphide bond and the glycine residue, these structural features permit bOBP to form a dimer, in a manner different from the above proteins, via so-called domain swapping, in addition to electrostatic interactions. 40, 41) Well-documented lipocalins in bovine milk are -LG and 1 -acid glycoprotein (AGP), and several additional lipocalins have been reported as minor whey proteins. 34, 35) -LG was known to be secreted at a concentration of 14:3 AE 4:6 g/L in the first milking sample, after which its concentration rapidly decreased over several days and reached a stable value of 2-4 g/L in the mature milk. 42) It is evident that -LG binds retinol and fatty acids, but its biological function remains unclear. In contrast, AGP was found to be secreted at a concentration of 162 AE 63:7 mg/L in the colostrum at 12 h post-partum. This was about 100 times lower than that of -LG, and it was no longer detectable at 3 d post-partum. 43) Since the AGP expression level in the serum increases several times during acute-phase reactions, it is believed to play a significant role in immunomodulation. 44) In this study, the concentration of bcOBP in 1 L of colostrum or mature milk was found to be in the sub-milligram range, and there was no significant change up to 10 d post-partum (Fig. 3) , indicating that constant secretion of bcOBP at the nanomolar level in the early lactation period may be necessary for it to perform its biological function. Such a low expression level and constant secretion of bcOBP in milk indicate that its biological function differs from -LG and AGP, but the behavior of the bcOBP expression level during the acute-phase response is of interest.
As shown in Table 2 , bcOBP exhibited higher sequence similarity to pheromone binding proteins, e.g., aphrodisin, which is secreted into hamster vaginal discharge and shows aphrodisiac activity with respect to male hamsters, via the vomeronasal organ, 45, 46) than bOBP did. In several mammalian pheromone binding proteins [47] [48] [49] a CxxxC motif, which was first elucidated as to its involvement in pheromone binding in insect pheromone binding protein, 50) is conserved as well in bcOPB. Furthermore, such mammalian pheromone binding proteins are likely to be distributed in the oral and genital spheres. 16, 51, 52) Taking into consideration the distribution pattern of bcOBP in biological fluids (Fig. 5 ) and the presence of the CxxxC motif (Table 2) , we hypothesized that the putative function of bcOBP is associated with pheromone binding. The total protein concentrations of the biological fluids examined range from 0.8 to 66 mg/mL (data not available for nasal mucus and sweat). [53] [54] [55] [56] Since we used comparable amounts of protein samples in Western blot analysis, judging by the band densities, the bcOBP expression levels in nasal mucus, saliva, amniotic fluid, vaginal discharge, and blood plasma appeared to be similar to or less than in milk. In contrast, the pheromone binding proteins so far reported for mammals, such as hamster aphrodisin 57) (100 mg/20 mg vaginal discharge) and rat major urinary proteins 58) (1-5 mg/mL urine) are abundant. It remains unclear what the large differences in concentrations among bcOBP and the other pheromone binding proteins mean. We are investigating the expression levels of bcOBP in biological fluids collected from cows and bulls at different physiological stages. Identification of the natural ligands and determination of the expression organs of bcOBP should help to elucidate its biological functions, too.
An mRNA of bcOBP is known to be expressed in mammary glands (UniGene, Bt.90525). Hence it is straightforward to assume that the bcOBP in milk is synthesized and secreted from the mammary gland. The bcOBP concentration in whey at 10 d post-partum decreased to about half of in that on the day of parturition, and the same tendency was observed in the blood plasma (Figs. 3 and 5) . The finding that bcOBP was present in the blood plasma raises the possibility that bcOBP is synthesized elsewhere in the body, transported via the blood, and then secreted into the milk. AGP is also found in the blood and milk. Whereas AGP in blood are secreted from liver, 59) it in milk has been found to be de novo synthesized in several tissues of mammary glands and in somatic cells. 60) Our data are inconclusive, and hence further analysis is required to determine the origin of bcOBP in milk.
Anti-rbcOBP mAb showed cross-reactivity against homologous proteins to bcOBP in the colostrum (collected within 3 d post-partum) of five farm animal species of Cetartiodactyla: the cow, goat, sheep, camel, and pig, but not the horse (Perissodactyla). The horse is indeed the farthest from the root of the dendrogram (Fig. 6C) , confirming our speculation that the negative result for the horse can be attributed to a lack of crossreactivity in the antibody, as lacking epitopes of antirbcOBP mAb. The identification of proteins homologous to bcOBP in closely related farm animals implies their biological importance, possibly in relation to pheromonal communication between mother and neonate via milk. Little sequence information and the low sequence similarity of bcOBP-like proteins hamper further discussion of their presence in other animal species and their possible biological functions. The monoclonal antibody can be a useful tool to detect and to purify 1Þ Swiss-Prot identification number. 2Þ Searched for bcOBP using NCBI-BLAST. 3Þ Amino acid residues are indicated by a one-letter representation. Superpscript numbers to the left of the sequences or amino acids indicate the number of the leftmost amino acid counting from the starting methionine, except for bOBP, in which it was counted from the N-terminal adenine of the mature protein. 4Þ This motif is conserved in both kernel and outlier lipocalins. 5Þ This motif is perhaps conserved among pheromone transporter lipocalins. The sequences of the corresponding region in the proteins were indicated. 6Þ These two cysteine residues form a disulphide bond connecting the -helical domain and the -barrel core of the proteins. Only bOBP lacks these cysteine residues among odorant-binding proteins.
homologous proteins to bcOBP from the colostrums of several farm animals of Cetartiodactyla.
To summarize, we produced a recombinant protein of bcOBP and the monoclonal antibody against it. By Western blot analysis, the concentration of bcOBP in milk was estimated to be 181 AE 39 mg/L, and it showed no significant variation up to 10 d post-partum. The biological function of bcOBP remains unclear, but pheromone binding is plausible based on sequence characteristics and bodily distribution. Despite the fact that expression of bcOBP was confirmed both in blood plasma and colostrum/mature milk, further experiments are necessary to determine the origin of bcOBP in milk. The cross-reactivity of anti-rbcOBP mAb confirms the biological importance of bcOBP in the colostrum/ mature milk of farm animals, and can attribute to the purification and further analysis of them in Cetartiodactyla. Our findings provide a basis for further investigation into the ligand specificities as well as origin of bcOBP, and so on which should contribute to an elucidation of its biological functions.
